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EXECUTIVE SUMMARY

I. OVERVIEW

This snapshot Assessment of River Condition (ARC) evaluates the aggregate impacts
of resource use on rivers in the Murray-Darling Basin and identifies the priority
management challenges for their maintenance or improvement.  The two main
components of the ARC are features of the environment; catchment disturbance,
hydrology, habitat, suspended sediment and nutrient loads, and features of the aquatic
biota (macroinvertebrates).

II. CONDITION OF RIVERS IN THE ENTIRE MURRAY DARLING BASIN

Biota condition

•  Forty percent of the river length assessed had biota that was significantly
impaired.

•  Ten percent of river length was found to be severely impaired, having lost at
least 50 percent of the types of aquatic invertebrates expected to occur there.

Environmental condition

•  Over 95 percent of the river length assessed in the Murray-Darling Basin has
an environmental condition that is degraded and 30 percent is substantially
modified from the original condition.

•  Disturbance to the catchment and changes to nutrient and suspended sediment
loads are the greatest contributors to this index of degradation.

•  Most reaches in the central and western part of the Murray-Darling Basin are
moderately modified.

•  In contrast, there is an arc of reaches down the eastern side of the basin that
are substantially modified.  This is largely the result of poor habitat, nutrient
and suspended load conditions.

•  Over half the reaches assessed have modified hydrology with greatest changes
immediately downstream of dams and in lowland reaches used for irrigation
supply.

III PATTERNS OF DEGRADATION

•  An analysis that grouped river reaches with similar characteristics found that
many reaches are threatened by multiple stresses, principally land use changes,
damaged riparian vegetation, poor water quality, increased bedload, and
modified hydrology.

•  All groups of reaches in the Basin have disturbed catchments and modified
water quality.  These two issues need to be managed basin wide.

•  The reaches most affected by this complexity of issues are concentrated in the
mid and lower slopes of the Basin.
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Biotic and environmental condition of reaches in the Murray-Darling Basin
Percentage of river length in each category

Indices Reference (%) Significantly
Impaired (%)

Severely
Impaired (%)

Extremely
Impaired (%)

Biota condition 62 28 8 2

Largely
Unmodified
(%)

Moderately
Modified (%)

Substantially
Modified (%)

Severely
Modified (%)

Environment condition -
overall

3 69 29 0

Environmental components

Hydrological disturbance index 43 44 11 1

Catchment disturbance index 4 93 3 0

Habitat index 28 36 34 3

Nutrient and suspended load index 4 41 49 6

 Total Basin river length is 77,366 km.  Note: Figures may not add up exactly because of rounding

Hydrological disturbance

•  Changes to hydrology are extensive throughout the Basin.  Typically,
downstream reaches of rivers used for extensive irrigation supply show most
modification to their hydrological regime.  For example, the River Murray, the
Murrumbidgee, Wimmera/Avon, Loddon and Darling Rivers.

Catchment disturbance

•  Catchments throughout the Basin have been modified by land use activities
liable to adversely affect river condition.  There is no obvious spatial pattern to
this disturbance; much of the Basin showing the same level of impact.

Habitat condition

•  Habitat condition is degraded in much of the Basin.  Loss of riparian
vegetation and increased sand and gravel bedload are the two principal
components causing degradation.  These two interact to produce long-term
impacts with bedload moving predominantly during floods.  Even if source
erosion were to be stopped today, there are large areas of sand deposition that
will continue to progress through river systems.  The most marked degradation
in the Basin is in the mid slopes rivers in an arc from Queensland into
Victoria.

Nutrient and suspended sediment loads

! Increases in nutrient and suspended sediment loads are widespread in the
Basin.  Most of the loads are generated in the upland and mid-slope areas of
the Basin.  However, most of the impact is felt in lowland rivers, weir pools
and reservoirs where the sediment is stored. In the long term, management
needs to focus on reducing sediment supply, but the greatest short-term
benefits will come from managing the lowland sediment and nutrient stores.
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IV. CONDITION OF RIVER MURRAY AND LOWER DARLING

The condition of this part of the Basin has been assessed for each of the seven
hydrologic zones defined by the Murray-Darling Basin Commission; from zone 1 in
the mountains to zone 6 at the river mouth and zone 7 lower Darling.  Overall
biological and environmental condition is degraded in all seven hydrologic zones,
with an increasing trend in degradation towards the river mouth.

Biological assessment

•  Fish populations are in very poor to extremely poor condition throughout the
River Murray though in slightly better condition in the lower Darling.

•  Macroinvertebrate communities are generally in poor condition and declining
towards the river mouth.

•  Riparian vegetation condition along the entire river was assessed as poor with
grazing and alterations to the flow regime the major causes.

•  Wetland quality is significantly reduced , particularly in zones 2-4.  Most
wetland loss is attributed to permanent inundation of previously intermittently
flooded wetlands

Environmental assessment

•  Hydrological condition in the river channel is poor for all zones, with the
extent, timing and duration of floodplain inundation all significantly impacted.

•  Riverine habitat was found to be poor or very poor through all zones with
connectivity, riparian vegetation and bedload all affected by regulation..

•  The condition of floodplain inundation has been assessed as very poor in all
zones.

•  Nutrients and suspended sediments are poor and worsening towards the mouth
of the river.

•  Salinity concentrations in the Lower Murray are improving as a result of water
diversion for irrigation and salt interception schemes. However, this trend is
predicted to reverse with increasing salinity over the next 50 to 100 years
because of land uses upstream and rises in groundwater levels in the Lower
Murray.

Multiple impacts

•  The degraded condition of the River Murray and the Lower Darling appear to
be the consequence of multiple impacts, with the main impacts related to the
operation of dams and weirs throughout the system.

•  Throughout the River Murray and lower Darling River un-seasonal flooding of
wetlands, loss of connection with the floodplain, habitat simplification, water
quality and bank erosion are all significant issues.

V. IMPLICATIONS FOR MANAGEMENT

•  Integrated assessments of river condition, such as that presented in this report,
provide a basin-wide context and a framework within which decisions and
river management priorities can be considered.
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•  Agricultural and water resource development in the Murray-Darling Basin
have produced a situation in which rivers in the Basin are beset by multiple
issues.

•  Addressing single issues such as environmental flows, is unlikely to produce
maximum benefits if other issues are neglected.

•  Management responses focussing on the main stems of rivers in the lower part
of the Basin are unlikely to achieve the desired benefits without consideration
of problems that are generated upstream.

•  The value of this snapshot was constrained by the paucity of data for some key
biological and environmental components including fish, wetlands and
modelled natural hydrology.  The benefits of any future audit, in terms of
accurately assessing problems for targeting resource allocation, would be
augmented by a more comprehensive information base.
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1 INTRODUCTION

1.1  PURPOSE

The Murray-Darling Basin, like all river basins is naturally comprised of a set of
interconnected physical, chemical and biological elements, which revolve around the
flow of water. Thus, the outcomes of activities and management decisions in one
place have implications elsewhere in the basin.  This interconnectedness and the
limited amount of water in the basin means that the flow needs of any ecosystem
along the River Murray cannot be met without compromising the needs of another
elsewhere (Roberts et al. 2001).

Water resource managers have recognised significant problems across the Murray-
Darling Basin because of an increasing demand for water, declining river health and
public pressure for change.  A Cap on diversions in the Murray-Darling Basin has
been a demonstrable implementation of water reforms instituted in the mid-1990s that
established the maintenance of environmental values as a legitimate use of water.
Dryland salinity is now seen as a growing problem that is threatening agricultural
production, infrastructure and the ecological integrity of rivers in the Basin.  Erosion
from land surfaces and stream banks has resulted in widespread degradation of
aquatic habitat.  These are examples of problems affecting rivers in the Basin that
require management that accounts for interrelated issues.

A recent assessment of the ecosystem services provided by the rivers, wetlands and
floodplains of the Murray-Darling Basin estimates their value at $187 302 million per
annum (Thoms and Sheldon, 2000).  Thus, these rivers are a particularly valuable
resource.  To provide the ecological goods and services that are fundamental to
sustaining the uses to which they are put, these rivers need to be in good condition.

River condition has not been systematically assessed across the Basin to identify the
degree and extent of problems to inform decisions for effective reach-based river
management.  This report provides an interim assessment of river health in the Basin
using available information.  It has been called a ‘Snapshot’ because little analysis
indicating trends in condition has been possible and it is recognised that data on some
aspects of the biota and environment are limited.  Nevertheless, the report is able to
highlight broad-scale issues and suggest data needs for more detailed assessment.  Its
primary purpose is to inform the Ministerial Council on the current condition of rivers
in the Basin, particularly the River Murray in the context of decisions to be made on
the allocation and management of environmental flows.

1.2  PHILOSOPHY AND CONCEPTUAL APPROACH

The approach used in this ‘snapshot’ assessment of river condition across the Murray-
Darling Basin is similar to that used in the National Land and Water Resources Audit
(NLWRA) Assessment of River Condition (ARC).  This is based on the premise that
ecological integrity, as assessed by the aquatic biota, is the fundamental measure of
river condition.  Impacts to biota are usually the final point of environmental
degradation and pollution, making the biota good indicators of disturbance to rivers
and their catchments.  The biota are also components of, or critical to, the goods and
services provided by rivers that are valued by society.  Thus, the biota are important
both as critical elements of river systems, and as indicators of degradation of other
key elements.
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River Function:  A comprehensive assessment of river condition that can guide
management decisions requires information about both extent of impact and the
causes of degradation.  Consequently the ARC was based on an hierarchical model of
river function (Figure 1.1) in which broad-scale catchment characteristics affect local
hydrology, habitat features and water quality, which in turn influence the aquatic
biota; our ultimate indicator of river health. This model is a refinement of the model
underpinning the assessments made in the Snowy Water Inquiry (Young et al. 1998)
and of that adopted for the Index of Stream Condition throughout Victoria (Ladson
1999).

Figure 1.1.  Conceptual model of scales of factors related to river condition.  This
hierarchical model demonstrates catchment features such as longitudinal and
lateral connectivity (dams and levees) and land use, which in turn have an effect
on habitat features (riparian vegetation, snags, channel geomorphology), and
these together affect the biotic components of the system (riparian vegetation,
insects, fish, waterbirds).

Assessment components:  It is possible to describe three conceptual scales at which
causal relationships between human activities and the ecological condition of rivers
occurs: catchment scale, habitat scale and biological scale (Figure 1.1).  The ARC
comprises indices representing these three levels that together provide an assessment
of condition and information on potential causes of degradation.

While the biota are considered the most important indicators of river condition, other
elements need to be assessed for two reasons.  First, unless monitoring is continuous
and includes all types of biota, certain types of disturbance may go undetected
because the chosen group of organisms may be insensitive to a particular stressor, or
there may be a lag between environmental disturbance and biotic response.  Second,
monitoring only the biota may inform of a change, but not the reasons why.  Thus, a
comprehensive assessment that provides information about the causes of degradation,
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and therefore guides management decisions, will also assess habitat and catchment
conditions in addition to the biota.

Therefore, the ARC will report two types of information on streams; status or
condition as measured by the biota (ARCB), and driving or impacting processes as
assessed by habitat and catchment measures (ARCE). Five basic indices go into this
reporting: one for biotic condition (Aquatic Biota Index), one for catchment condition
(Catchment Disturbance Index) and three for habitat condition –Nutrient and
suspended sediment load Index, Hydrological Disturbance Index and Habitat Index
(incorporating bed condition, riparian condition, and connectivity). The calculation of
these indices and method of integration are explained in Norris et al. (2001).

1.3 SCALE

The Murray-Darling Basin covers just over one million km2 with a population of
around two million people.  There are large variations in climate from summer rainfall
areas, temperate coastal ranges and large arid inland areas.  The Murray-Darling
Basin is characterised by rivers with short upland sections and long lowland areas
with extensive floodplains.  These floodplains, with thousands of wetlands form a
complex riverine environment in a region otherwise characterised by aridity.

Within the Basin, assessment and reporting has been done at the scale of river reaches
that were defined in the National Land and Water Resources Audit based on changes
in catchment area and river gradient (a surrogate for stream power).  Assessments at
the reach scale have been used to report on the condition of the entire Basin, and on
the river valleys that make up the Basin.

At a finer spatial scale, the condition of the seven hydrological zones defined by the
Murray-Darling Basin Commission along the River Murray and lower Darling River
has also been assessed.

1.4 THE REFERENCE CONDITION APPROACH.

When conducting a financial audit it is not sufficient to know merely how much is in
the till.  Crucial to any audit is knowing how much is in the till relative to how much
should be there.  It is this approach that has been adopted for the Assessment of River
Condition in the Murray-Darling Basin.  That is, an assessment of condition relative
to what the rivers should have been like if they hadn’t been changed.

The biota index uses a reference condition approach.  For some parts of the Basin
there are virtually no pristine sites for biota assessment therefore near pristine
reference condition have been adopted.  Most of the other environmental factors were
assessed against a pre-European development benchmark based primarily on
modelled data.  A mixture of reference states were therefore used and when
comparisons are made between variables care must be exercised
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Table 1.1.  Sources of reference condition for each index

ARC components Reference condition
Biota index Comparison with biota in a near pristine or

minimally modified condition.
Hydrological index All sub-indices were compared with modelled

unregulated flow regimes
Nutrient and sediment loads All sub-indices were compared with modelled

nutrient and sediment transport pre-1750 regimes
Habitat index

Bed condition sub-index Stable bed of no net accumulation or degradation at
century time scale

Riparian sub-index Comparison with riparian vegetation coverage
assumed to have existed under pre-1750 conditions

Connectivity sub-index Comparison with a no dam, no levee regime (pre-
1750 conditions)

Catchment disturbance index Comparison with a completely undeveloped
catchment (pre-1750 conditions)

River Murray and Lower
Darling River
Fish Professional judgment, historical records
Macroinvertebrates
Wetland condition

Change through time
Professional judgement, historical records

Riparian vegetation Professional judgment, historical records
Lower river hydrology All sub-indices were compared with modelled pre-

1750 flow regimes
Wetland inundation

Water quality

All sub-indices were compared with modelled pre-
1750 flow regimes
Assumed pre-1750 conditions and water quality
guidelines

Bed and bank condition Professional judgement, historical records

1.5 REPORTING FRAMEWORK

1.5.1 River valleys

Reporting is at the scale of river reaches, 23 river valleys in the Basin and groups of
reaches with similar assessment characteristics (Figure 1.2).   Directly measured data
were not available for every river reach.  Therefore, direct site measurements,
remotely sensed data and modelled data have been combined to provide assessments
for all of the Murray-Darling Basin. The river valleys used for this project were
developed as a reporting base for the Murray-Darling Basin, and are derived from the
Australian Water Resources Council river basins.
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Figure 1.2 River valleys used for reporting in the Murray-Darling Basin.  Note
that for this spatial reporting scale, an additional “River Murray” river valley was
identified – its condition is based on data from the main stem of the River Murray
from Hume Reservoir to Lake Alexandrina.

1.5.2 The River Murray and Lower Darling River Hydrologic Zones

Specific emphasis has been placed on the main-stem reaches of the River Murray and
lower Darling River as these form the River Murray System, for which the MDBC is
legally responsible under the Murray-Darling Basin Agreement.  Therefore, this study
has drawn on information which provides more detailed assessment for these sections
than could be achieved for the rest of the Basin.  The River Murray and lower Darling
River have been divided into hydrologic zones by the Murray-Darling Basin
Commission and these zones have been used for reporting purposes (Table 1.2, Figure
1.3).  Note that the section of river from Wellington to the Barrages was not reported
on.
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Table 1.2 Hydrologic zones
Hydrologic zone Description

1 Dartmouth Dam to Hume Dam
2 Hume Dam to Yarrawonga Weir
3 Yarrawonga Weir to Torrumbarry Lock 26
4 Torrumbarry Lock 26 to Lock 11
5 Lock 11 to Lock 3
6 Lock 3 to Wellington
7 Menindee-Darling Junction

Figure 1.3 Hydrologic zones on the River Murray and Lower Darling Rivers
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2 RESULTS

2.1 ENTIRE MURRAY-DARLING BASIN

Biota condition
The ARCB shows 38 percent of the river length assessed is impaired with 28 percent
having lost 20 percent or more of the different kinds of aquatic invertebrates that
would be expected to occur relative to minimally disturbed reference conditions
(Table 2.1).

Environmental condition
The ARCE shows that over 95 percent of the river length assessed in the Murray-
Darling Basin have significantly modified environmental features (Table 2.1).  Sixty-
nine and 29 percent of the river length in the Murray-Darling Basin have had their
environmental features moderately and substantially modified, respectively.
Disturbance to the catchment and changes to nutrient and suspended sediment loads
are the greatest contributors to this change in condition (Table 2.1).

Table 2.1  Biotic and environmental condition of reaches in the Murray-Darling
Basin.

Percentage of river length in each category

Indices Reference (%) Significantly
Impaired (%)

Severely
Impaired (%)

Extremely
Impaired (%)

ARCB 62 28 8 2

Largely
Unmodified (%)

Moderately
Modified (%)

Substantially
Modified (%)

Severely
Modified (%)

ARCE 3 69 29 0

Hydrological disturbance index 43 44 11 1
Catchment disturbance index 4 93 3 0
Habitat index 28 36 34 3
Nutrient and suspended sediment
load index

4 41 49 6

Total River length 77,366 km
Note: Figures may not add up exactly because of rounding

2.1.1 Biota Index

The biota condition occupies a key role in this assessment because biota represent the
fundamental ecological condition of rivers.  Only aquatic macroinvertebrates data
have been used because they comprise the only database sufficiently extensive and
consistent to report across the Murray-Darling Basin.  A more comprehensive
assessment of biota condition would be assessed by including data on fish, water
plants, algae, riparian vegetation and water birds.

Data on biota condition were relatively limited with the exception of reaches in some
parts of Victoria and South Australia, which could be modelled more
comprehensively.  Reaches in the western part of New South Wales and Queensland
tended to be under-represented. Across the Basin 62 percent of reaches were classed
as being in reference condition, and 10 percent classed as being severely impaired or
extremely impaired (Fig. 2.1). If data were available for more of the western lowland
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regions it would be expected that the percentage of degraded reaches would be
higher in accord with the environment assessment (ARCE). Biological data for the
environmentally substantially modified mid slope streams (see sections 2.5 and 2.8)
are extremely limited.

Headwater reaches were generally in reference condition especially in the alpine
ranges. Some reaches in the Border and Gwydir River valleys and sections of the
lower Murray have extremely impaired biological condition, signifying a loss of
between 80 and 100 percent of the animals expected to occur there.

The spatial distribution of the biologically impaired reaches shows some similarity
with the environmental conditions in the Basin; with a suggestion that reaches in the
mid slopes are in worse condition than other parts of the Basin.  However, the biota
data are too sparsely distributed to be confident about this pattern.

Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.1 Biological condition of river reaches in the Murray-Darling Basin
(ARCB).
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Snapshot conclusion 1

Two thirds of reaches assessed were in reference condition, with 10 percent of reaches
severely impaired or worse.  Reaches high in the catchments tended to be in the best
condition with parts of the Border and Gwydir River valleys, and sections of the lower
Murray extremely impaired.

2.1.2 Overall Environment Index

The overall environmental condition of reaches in the Basin indicate that extensive
modification has occurred; 69 percent of reaches have been moderately modified and
29 percent substantially modified.  Reaches in the worst condition tend to be those in
the upper parts of the river valleys, although reaches in the alpine parts of the Basin
are in better condition (Fig. 2.2).

The overall environmental condition in the Basin is principally the result of Basin
wide catchment disturbances, exacerbated in the upper sections of river valleys by
changes to nutrient and suspended sediment loads, and changes to bedload condition
and riparian vegetation (discussed in section 2.8).  However, the limited number of
reaches for which hydrological disturbance could be assessed creates uncertainty
about the degree to which hydrologic change has affected river condition throughout
the Basin.  For the regulated reaches with data, hydrologic disturbance is a major
contributor to environmental condition.

Snapshot conclusion 2

This overall result shows the extent of change brought about by human use of the
river basins.  Even rivers in national parks are not free from effects with many
impacted by damming and flow modification, grazing, mining and resort
developments.  The majority of reaches in the central and western part of the Murray-
Darling Basin were in moderately modified condition indicating that there have been
changes to the riverine environment along these reaches.  In contrast there is an arc of
reaches down the eastern side of the Basin that are in substantially modified
condition.  These changes are largely the result of poor habitat, nutrient and
suspended sediment load conditions.

2.1.3 Hydrological Disturbance Index

Around 20 percent of the river length in the Murray-Darling Basin is subject to some
form of regulation either through the construction of weirs and/or dams.  This has had
a substantial effect on the flow characteristics of the river.  Modelled data are required
to assess the effect of regulation.  Such data were available to assess 70 percent of the
regulated river length in the Basin, or 14 percent of the total river length.  More than
55 percent of the assessed  river length in the Murray-Darling Basin had modified
hydrological regimes (Table 2.1).  The majority of this is moderately modified (44
percent) although 11 percent of the river length is substantially modified.

The most severe hydrological modification in the Murray-Darling Basin occurs along
relatively short stretches of headwater streams where there is little or no downstream
release from dams – for example, downstream of Tantangara Dam on the upper
Murrumbidgee river (Fig. 2.3).  The degree of modification of these rivers then
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improves as tributaries ameliorate the effects of regulation, before the effects of
irrigation have an impact in the more downstream reaches.

Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.2 Overall environmental condition of river reaches in the Murray-Darling
Basin (ARCE).

Snapshot conclusion 3
Typically, the downstream reaches of rivers that are used for extensive irrigation
supply show substantial modification of their hydrological regime – for example the
Murrumbidgee, Wimmera/Avon, Loddon and the Darling rivers.  The River Murray,
while only showing moderate hydrological modification, is in the lower portion of the
moderate bands with index values of around 0.52.  Reaches in the Paroo River valley
have largely unmodified because of the absence of regulatory structures, and the low
levels of abstraction from surface waters.
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Flows in unregulated rivers can be substantially affected by extractions. Data are
typically not available at a reach-scale to assess this impact. At the AWRC basin-
scale, only the Paroo Basin has sufficiently low extraction levels to conclude that
extractions had an insignificant effect on the flow regime. Hydrological disturbance in
other unregulated river reaches is unassessed.

Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.3 Hydrological condition of river reaches in the Murray-Darling Basin.

2.1.4 Catchment Disturbance Index

Catchments of the majority of reaches (93 percent) in the Murray-Darling Basin are in
moderately modified condition.  The principal measure for catchment disturbance is
the land use activities across the Basin.  Different land uses have the potential to
affect rivers through delivery of sediment, nutrients, salt and toxicants, and through
the introduction of pest species.  Many of the reaches in the headwaters of the Upper
Murray, Upper Murrumbidgee and Ovens River valleys are in largely unmodified
condition and are surrounded by National Parks (Fig. 2.4).  Conversely many of the
reaches in the Loddon and Campaspe River valleys are in substantially modified
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condition.  The lower condition in these areas reflecting both the intensity of
agriculture and the extent of infrastructure in their catchments.  Based on this index
only 3 percent of reaches were substantially modified and none were severely
modified. This might be explained by the fact that different landuse activities, such as
urbanization, agriculture or forestry hardly ever occur together.

Snapshot conclusion 4

Catchment disturbances that have the potential to affect river condition are
widespread across the Murray-Darling Basin.

Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.4 Catchment condition of river reaches in the Murray-Darling Basin.

2.1.5 Habitat Index

Ideally river habitat should be defined by the habitat requirements for each group of
animals and is a complex set of features.  Data availability restricted our measures of
river habitat to riparian vegetation condition, bedload condition and longitudinal and
lateral connectivity.
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River habitat has been modified to some degree in over 70 percent of the river length
within the Murray-Darling Basin, and substantially modified in 34 percent of the river
length (Table 2.1).  In only 28 percent of the river length is habitat considered to be in
or close to reference condition.

The habitat index shows extensive modification across the Basin, particularly in the
mid-slopes region (Fig. 2.5).  Thirty six percent of reaches are classed as moderately
modified, and a further 37 percent as substantially and severely modified.  The habitat
index is derived from three measures; changes to bedload condition, degradation of
riparian vegetation and structures that impact on connectivity of the river with the
floodplain and upstream.

Over 50 percent of the assessed stream kilometres have substantially modified
riparian vegetation, with one third being severely modified. This is the main influence
on the habitat index. The bedload condition is in modified condition in almost half of
the Basin. About 20 percent of the reaches are substantially or severely modified.
Both these measures are most severely modified in the arc of reaches that extend in
the mid slopes region of the Basin from the Queensland border into Victoria.
Reduced connectivity appears to be a problem in about 15 percent of the assessed
stream reaches.  These reaches are also mainly found in the mid slopes described
above.

Bed sedimentation is the area of greatest geomorphological impact on ecological
condition of a river.  River beds naturally contain a diverse range of physical habitats
including features such as deep pools, cobble riffles, boulders, rock bars, sandy shoals
and woody debris.  In many places these habitats have been smothered in deposits of
sand and fine gravel that reduce the diversity of substrate types, and the range of flow
depths and velocities in a river.  Sand and gravel is also a more unstable substrate than
rock or wood.  In extreme cases, dry or very shallow beds can also impede fish
passage through a reach.

The deposition of sand and gravel is largely a result of increased supply from
accelerated bank erosion and gully erosion upstream.  One of the main drivers of
historical bank erosion is degraded riparian vegetation, so the riparian vegetation and
bed condition components are partly linked and it is no surprise that many reaches
have both aspects of habitat degradation.  There are though, many other habitat
benefits of riparian vegetation in addition to stabilising bank erosion.  Changes to the
flow regime are a secondary driver of bed sedimentation.  Bed sediment is moved in
the larger flows and the reduction of these flows by regulation has reduced the
capacity to flush sand and gravel through the downstream reaches.

Geomorphological assessments are commonly made by site assessments and/or aerial-
photograph interpretation.  This rarely includes a description relative to reference
condition.  We used an alternative approach, developing a physically based
conceptual model.  The model assesses the change to the bed sediment regime as a
result of accelerated erosion and sediment supply from upstream and from changes to
the flow regime.  The modelling used all available pertinent information and included
considerable analysis of hydrological records, and measurement of river widths and
gully erosion extent.  Details of the bedload modelling are included in Norris et al.
(2001) and Prosser et al. (2001).
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Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.5 Habitat condition of river reaches in the Murray-Darling Basin.

Bed sediment condition is predicted to be poorer in the Murray-Darling Basin than
any other region in Australia (Norris et al. 2001).  The assessment represents the
cumulative effects over the full historical period of gully and riverbank erosion.
Gully and riverbank erosion tends to occur as a pulsed adjustment of the stream
network to riparian clearing, increased runoff or catchment land use.  Once the
adjustment has been made erosion declines and less sediment is supplied downstream.
Much of the sand and gravel in the rivers of the Murray-Darling basin was supplied in
the late 19th C and early 20th C but there are areas of later gully erosion and there is
continued bank erosion in many places.
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Snapshot conclusion 5

Habitat condition is degraded across much of the Basin.  Loss of riparian vegetation
and increased sand and gravel bedload are the two principal components causing
degradation.  These changes are both the result of long-term impacts with bedload
changes driven by slow movement of sand during flood events.  Even if source
erosion were to be stopped today there are large areas of sand deposition which will
continue to progress through river systems.  The most marked degradation in the
Basin is in the mid slopes rivers in an arc from Queensland into Victoria.

2.1.6 Nutrient and suspended sediment load Index

Nutrients and suspended sediment loads have been modified in over 95 percent of the
river length in the Murray-Darling Basin (Table 2.1).  The loads of nutrients and
suspended sediment have been moderately and substantially modified from natural
along 41 and 49 percent of the river length, respectively.  Only 5 percent of reaches in
the Basin have largely unmodified nutrient and sediment loads.  Over 50 percent of
reaches were classed as substantially modified.  A clear spatial pattern of reaches with
increased loads is evident (Figure 2.6).  The upper reaches of almost all river valleys
are the most modified, in particular those in the Border Rivers, and the Gwydir and
Namoi Rivers.  In contrast loads in reaches in the Australian Alps are in largely
unmodified condition.

Elevated nutrient and fine loads are a result of catchment and river network
disturbance. The largest increases are usually a result of gully and stream-bank
erosion. While the highest loads from gullies occur during the extension of gully
network, the gully networks in the Basin that are mostly fully developed are still
generating considerably greater loads that pre-disturbance. These loads are mainly
associated with storm events, when most erosion occurs, and when flood flows
transport loads downstream. The residence times of fine sediment and nutrients in the
river network are not well understood. Long-term stores of fine sediments and
nutrients are floodplains where fine sediments deposit during floods, and reservoirs
where fine sediments settle. The floodplain stores are seldom transported back to the
river in human timescales. The nutrient stores in reservoirs however, are available to
phytoplankton, with nutrients released from sediments under certain conditions. In
addition there are stores of fine sediments and associated nutrients in lowland river
channels, particularly in association with weir pools. While these stores are unlikely
to be increasing greatly in size, they are periodically remobilised during flood events.
The size of these stores is likely to be large in comparison to the annual fluxes of
material into the river. As a result, even substantial reductions in catchment loads may
not lead to immediate improvements in water quality in lowland rivers. In the upper
reaches a more rapid response is likely as stores of fine material are smaller and
residence times are likely to be shorter. It is likely that the large stores of fine material
in lowland rivers would continue to be remobilised during flood events for many
years even with a reduction in sources, and would provide an “internal” nutrient
source to algae during low flows for many years.
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Snapshot conclusion 6

Increases in nutrient and suspended sediment loads are widespread in the Murray-
Darling Basin.  Most of the loads are generated in the upland and mid-slope areas of
the Basin, while most of the impact is felt in lowland rivers, weir pools and reservoirs
where the sediment is stored. In the long-term, management needs to focus on
reducing sediment supply, but the greatest short-term benefits will come from
managing the lowland sediment and nutrient stores.

Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.6 Nutrient and suspended sediment load condition of river reaches in the
Murray-Darling Basin.
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2.1.7 River Valleys

2.1.7.1 Biota condition

Although 62 percent of reaches in the Basin were found to have biota
(macroinvertebrates) equivalent to reference condition, some river valleys were in a
considerably poorer condition.  Most of the river valleys in New South Wales,
including the Darling and River Murray had a large proportion of their reaches in
significantly impaired condition (Fig. 2.1; Table 2.2).  Conversely the Paroo and
many of the Victorian streams were in better condition than most of the other river
valleys in the Basin.  The River Murray itself was found to be the river valley in the
worst condition with 17 percent of reaches recorded as extremely impaired (Table
2.2), indicating these reaches have lost over 80 percent of the animals expected to
occur there.

2.1.7.2 Environmental condition

Over 95 percent of the river length within nearly all of the river valleys of the Murray-
Darling Basin have been modified to some degree (Table 2.2). The exceptions were
the Kiewa, Ovens and Upper Murray River valleys, which had over 30 percent of the
river length within their valleys remaining largely unmodified.  Over 50 percent of the
river length within the Campaspe, Gwydir, Loddon, Mallee and Namoi River valleys
have environmental conditions that have been substantially modified from natural
(Table 2.2). At least 25 percent of the river length in each of the river valleys of the
Murray-Darling Basin have environmental features that have been moderately
modified from natural (Table 2.2).
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Table 2.2  Biotic and environmental condition of river reaches within river valley of
the Murray-Darling Basin. Note: Highest and lowest categories are inevitably
under-represented because of the averaging procedures used to derive a single
ARCE value.

ARCB –percent in each condition ARCE – percent in each condition

River valley
Length

Reference Significantly
Impaired

Severely
Impaired

Extremely
Impaired

Largely
Unmodified

Moderately
Modified

Substantially
Modified

Severely
Modified

Avoca
610 km

38 58 4 0 0 74 26 0

Border Rivers
6,211 km

62 18 9 11 0 63 37 0

Broken
540 km

69 14 17 0 0 77 23 0

Campaspe
456 km

84 16 0 0 0 36 64 0

Castlereagh
1,874 km

70 0 30 0 0 58 42 0

Condamine-Culgoa
11,873 km

49 23 28 0 1 82 18 0

Darling
6,978 km

38 50 12 0 0 81 19 0

Goulburn
1,669 km

78 21 1 0 3 74 23 0

Gwydir
2,591 km

36 36 21 7 0 26 74 0

Kiewa
198 km

74 26 0 0 45 55 0 0

Lachlan
7,167 km

57 42 1 0 2 65 34 0

Loddon
1,499 km

79 20 1 0 0 30 70 0

Lower Murray
2,027 km

97 3 0 0 0 61 38 0

Macquarie
7,530 km

14 72 14 0 0 71 29 0

Mallee
1,064 km

58 31 11 0 3 47 50 0

Murray River
1,713 km

16 56 11 17 0 97 3 0

Murray-Riverina
922 km

77 23 0 0 0 57 43 0

Murrumbidgee
6,749 km

53 38 5 3 2 61 37 0

Namoi
4,191 km

40 39 21 0 2 38 60 0

Ovens
876 km

88 12 0 0 46 41 12 0

Paroo
4,156 km

100 0 0 0 8 92 0 0

Upper Murray
1,597 km

88 11 2 0 34 52 13 0

Warrego
4,874 km

42 47 11 0 1 95 4 0

Total 77,366 km 62 28 8 2 3 69 29 0

Note: Figures may not add up exactly because of rounding
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2.1.8 Primary Factors Determining Condition

In many parts of the Basin, rivers are suffering from a combination of changes, often
interacting.  For effective management decisions it is important to know the suite of
the problems, their interrelationships and their relative locations.  The purpose of this
section is to identify the primary factors driving the impacts on rivers, and to show
where reaches occur in the Basin.

Groups of reaches have been identified that have similar characteristics.  These
analyses have been done in two parts because hydrology data were not available for
much of the Basin and this type of analysis requires a complete set of measurements.
In the first analyses all reaches that had a full set of indices, except hydrology were
used. This dataset had 3457 of the total of 5184 reaches in the Basin and facilitated
identification of broad-scale patterns across the Basin.  The second analysis used only
reaches that had a full set of data including hydrological data, and was restricted to
740 reaches.  It enabled identification of the effects of hydrological impacts additional
to other environmental changes, mainly in main stem reaches.

2.1.8.1 Groups of reaches - without hydrological disturbance data

To facilitate interpretation of the analysis, catchment disturbance and water quality
(nutrient and suspended sediment load) were treated at the index level, because the
sub-indices were highly correlated with each other. Eight relatively homogeneous
groups were identified (Table 2.3, Fig. 2.7).

Table 2.3 Groups of reaches with similar issues.  These groups are from the set of
reaches that had a full complement of the non-hydrological ARCE sub-
indices (n=3457).  Red signifies that the mean value of the measure is
in the category “severely modified”, and green signifies that the mean
value of the measure is in the category “largely unmodified”.
Intermediate conditions are signified by orange and yellow.

Reach
group

Number of
reaches

Catchment
disturbance
index

Connectivity
measure

Riparian
measure

Bedload
measure

Nutrient and
suspended
load index

1 737
2 899
3 281
4 93
5 520
6 125
7 209
8 593

Non issue Major issue

All groups of reaches in the Basin had disturbed catchments, and had modified water
quality.  Thus, these two are issues that need to be managed Basin wide together with
local issues. The other characteristics provided the discrimination between the
reaches.
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Group 1 comprised reaches that, apart from the ubiquitous catchment and water
quality effects, did not have any other major causes of degradation (Table 2.3; Fig.
2.7).  These reaches were concentrated in the upper parts of catchments and the
western Queensland part of the Basin.

Groups 2, 3 and 7 are reaches affected principally by moderately poor riparian
vegetation and bedload condition (Table 2.3; Fig. 2.7). These reaches tend to be
concentrated on mid to lower slopes.  Riparian vegetation could be addressed
immediately in the short term but bedload in these regions will be less tractable,
especially if left to degrade further. Protection measures in these 1,400 reaches may
have significant long-term benefits.

Groups 4, 5 and 8 are reaches affected by at least one major issue; poor connectivity
or riparian vegetation (Table 2.3; Fig. 2.7). These reaches also tend to be concentrated
on mid to lower slopes in the Basin, and affect many of the main stems of the major
rivers in the Basin.

Group 6 reaches are affected by one of two major issues, poor connectivity or
riparian vegetation (Table 2.3; Fig. 2.7). This is a small group of 125 reaches, mostly
in upland areas where attention to longitudinal connectivity (e.g. fish ladders) and
riparian planting would be likely to have marked benefits.

Snapshot conclusion 7
All groups of reaches in the Basin had disturbed catchments and modified water
quality.  Thus, these two are issues that need to be managed Basin wide. The other
characteristics provided the discrimination between the reaches.
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Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.7 Locations of reaches affected by issues of differing severity. Note that
almost all reaches are affected by both catchment land use and water
quality. Reaches without hydrological disturbance data.

2.1.8.2 Groups of reaches with hydrological disturbance data

Six groups were defined, each containing reaches with similar environmental features
(see Table 2.4).  Three of the flow measures (mean annual flow, flow duration,
seasonal amplitude) were combined into one measure because they were highly
correlated. Hydrologic seasonality was not as strongly correlated and therefore treated
independently.  In almost all groups nutrient and suspended sediment load, and
catchment disturbance measures were major issues.  The discussion of the groups
below focuses on the additional issues facing the different groups.
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Table 2.4 Groups of reaches with similar issues.  These groups are from the set of
reaches that had a full complement of ARCE sub-indices (n=740).  Red
signifies a measure that is degraded in more than 75 percent of reaches
in the group, and green signifying that the measure is degraded in less
than 25 percent of reaches in the group.  Intermediate conditions
signified by orange and yellow

Reach
Group

Number
of

Reaches
Bedload
measure

Riparian
measure

Connectivity
measure

Combined
Flow

Measure
Hydrologic
Seasonality

Nutrient
and

suspended
load index

Catchment
disturbance

index

1 209
2 110
3 89
4 144
5 117
6 71

Non issue Major issue

Group 1 reaches have major issues in four areas, including poor riparian vegetation,
water quality and catchment condition, and modified seasonality of flows.  These
reaches are principally found in the mid-slopes part of the Basin. These reaches occur
along the much of the main stems of the Condamine-Culgoa, Border, Namoi,
Macquarie, Loddon River valleys.  The multiple issues here highlight the high priority
that might need to be given to management of the combined problems in these areas
with recognition that the problems may be transported downstream.

Group 2 and 4 also have modified hydrology as well as degraded riparian vegetation
and bedload condition. Together the reaches in these three groups comprise most of
the main river channels in the Basin (Fig. 2.8).  Again, multiple issues need to be
considered in management and also highlights problems that accumulate from upper
parts of the catchments into the main stem reaches.  Hydrological modification is a
problem that has more effect in the main stems of the Murray-Darling Basin rivers but
these merely compound problems that are also exported from upstream.

Groups 3, 5 and 6 are those with fewer, less serious issues and are mostly smaller
streams such as the headwaters of the Kiewa and the streams in the Paroo River
valley.  The Paroo has recently been highlighted as a river valley worthy of protection
in a river reserve and the analysis presented here support that view.

Snapshot conclusion 8

The majority of the Murray-Darling Basin main stem rivers are beset by multiple
issues including modified hydrological condition.  Addressing single issues is likely
to be a much less effective way of improving the overall condition of these sections of
river. The principle issues are land use effects, damaged riparian vegetation, poor
water quality and bedload condition, and modified hydrological condition.  The
reaches most affected by this complexity of issues appear to be in the mid and lower
slopes of the Basin.
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Data Sources:  National Land and Water Resources Audit, Assessment of River Condition 2001 Database.  Data used are
assumed to be correct as received from the data suppliers.   Commonwealth of Australia 2001.

Figure 2.8 Groups of reaches formed using all variables including hydrological
data.
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2.2 CONDITION OF THE RIVER MURRAY AND LOWER
DARLING RIVER HYDROLOGIC ZONES

A more comprehensive assessment has been conducted for the main stem of the River
Murray and parts of two major tributaries; the Darling and the Mitta Mitta Rivers
(Fig. 1.2).  These parts of the Murray-Darling Basin form the River Murray System,
for which the MDBC is legally responsible under the Murray-Darling Basin
Agreement.  There is additional data available for these river sections, and a more
comprehensive assessment is possible.  The condition of each of the hydrologic zones
has been assessed in terms of its biota and environmental elements.

2.2.1 Summary of condition for hydrologic zones

Each of the seven hydrological zones in the River Murray and lower Darling River
and anabranch are affected by multiple impacts.  Activities upstream of each
hydrological zone affect conditions downstream, therefore management should be
implemented with the catchment implications in mind.  It is not possible to go back to
pre-regulation conditions, however, changes to the operation of regulatory structures
in conjunction with habitat restoration could significantly improve habitat quality and
thus the riverine biota.  Supportive habitat is not useful if biota cannot access it.  In
the seven hydrological zones reported on, fish passage is a major limiting factor and
few fish ways currently exist.  To address this $10 M has been allocated for providing
fish passage fro the sea to Lake Hume.  Stabilization of banks, using natural means
(e.g. riparian revegetation), is crucial for maintaining in-stream habitat once restored.
The floodplain and its associated wetlands are also important riverine habitat and re-
connection of river-floodplain linkages is essential for ecosystem function.  Nutrients,
suspended sediments and salinity are water quality problems faced in the lower rivers.
Salinity, while currently improving, is likely to degrade in the long term and its trends
are unlikely to respond in three-five year time frames.

Macroinvertebrates

Macroinvertebrate populations have been significantly impaired (poor condition) in
all zones, and severely impaired (very poor) in zones 3 and 5.  Within each zone,
macroinvertebrate communities are particularly impaired immediately below dams
and weirs, with some recovery of invertebrate communities with increasing distance
downstream.

Fish

Fish populations are in very poor to extremely poor condition in the hydrologic zones
along the River Murray (Thoms et al. 2000).  Movement and recruitment of fish
populations is severely impacted by the presence of dams and weirs. Loss of habitat
and changes to environmental conditions associated with regulation are also
impacting native fish populations. Fish populations in the Darling are in poor
condition.
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Riparian Vegetation

The condition of riparian vegetation ranged from good in the upper zones to
extremely poor in the lower zones (Margules et al. 1990), with grazing and alterations
to the flow regime affecting vegetation condition.

Wetlands

In the area from Hume Dam to Wellington there has been a 35 percent reduction in
wetland type. Most wetland loss is attributed to permanent inundation of previously
intermittently flooded wetlands (Pressey 1986).

Hydrological Condition

Hydrological condition is reported as poor for all zones, with mean annual flow,
seasonal periodicity of flows, seasonal amplitude of flows and flood frequency all
affected by regulation along the length of the River Murray and Lower Darling rivers.

Floodplain inundation

The condition of floodplain inundation for all zones has been assessed as very poor
with floodplain and wetland inundation patterns along the entire length of the River
Murray from Hume Dam to Wellington and the Lower Darling River substantially
modified.  The frequency the floodplain is inundated showed the greatest modification
of the three measures used.

Water Quality

Water quality is poor to very poor, with a general trend over time of degrading water
quality (AWT 1999, 2000).  Suspended sediment is highest in the Lower Murray.

Salinity

The trend of improving salinity in the Lower Murray is a result of the redistribution of
salt through the diversion of water for irrigation purposes and implementation of salt
interception schemes in irrigation regions. However, it should be noted that salinity is
predicted to increase along this same stretch of river over the next 50 to 100 years.
The predicted increase will result from increases in stream salinity in up-stream
dryland and irrigation catchments and groundwater rises in the Lower Murray.

Riverine Habitat

Riverine habitat is in poor condition, with connectivity, riparian vegetation and
bedload all affected by regulation.

Snapshot conclusion 9

The River Murray and lower Darling River suffer from multiple changes to their
ecosystems.  Biological measures including invertebrate fauna, riparian vegetation,
fish, and wetlands have all been found to be significantly degraded in most hydrologic
zones.  Environmental measures of hydrology, floodplain inundation, water quality,
salinity and riverine habitat have also been found to be significantly altered.
Improvement in the condition of these lower reaches will benefit most from
management that jointly considers these environmental features.
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2.2.2 Zone 1 - Dartmouth Dam to Hume Dam

Fish populations are in extremely poor condition in this zone (Fig. 2.9), with cold
water releases from the dam severely reducing native fish populations and providing
conditions more suited to coldwater exotic species (Thoms et al. 2000).
Macroinvertebrate communities have also been affected by coldwater releases from
Dartmouth, however, there has been a general improvement in the number
macroinvertebrate taxa over the period 1980 to 1997 (AWT 1999).  Although this
zone was not surveyed for riparian vegetation by Margules et al. (1990), Thoms et al.
(2000) reports that the riparian zone has been heavily grazed and vegetation condition
is very poor with few native species.  The condition of wetlands has been impacted to
some extent by a reduction in inundation of the floodplain since dam development,
essential for wetland health and floodplain functioning (Thoms et al. 2000).

Flood frequency and duration have been reduced by Dartmouth Dam, and river
floodplain interactions reduced in frequency.  Current nutrient and sediment loading
of the zone is close to natural conditions, however, the concentration trend in recent
years indicates a decline in condition, which may be an early warning of impending
impact.  Recent salinity data suggest an improvement (Williamson et al. 1997).  The
riverine habitat condition is very poor because of the dam immediately upstream and
the grazing impact on the riparian zone.  Previous de-snagging operations, armouring
of bed sediments below the dam and sedimentation from bank erosion have all
impacted on available in-stream habitat.

Figure 2.9 Condition of Hydrologic Zone 1.
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2.2.3 Zone 2 - Hume Dam to Yarrawonga Weir

As in Zone 1, fish populations have been affected by cold and un-seasonal releases
from Hume Dam, reduced flooding and de-snagging operations.  Macroinvertebrate
communities are also significantly impacted. The riparian vegetation assessment,
using the health of red gum woodland as an indicator, shows riparian vegetation to be
in good condition (Margules et al. 1990). However, the native under-storey is
generally in poor condition as a result of grazing and clearing (Thoms et al. 2000).
Wetland condition has been impacted to some degree by reduced linkages between
the river and the floodplain (Thoms et al. 2000).  Analysis of floodplain inundation
indicates a substantial reduction in the number of times the floodplain is inundated,
little change to the duration of inundation and some change in the seasonality of
inundation.  Additionally, flood frequency and seasonality of flows have been affected
by Hume Dam.

Nutrient and sediment loading in the zone is poor (NLWRA 2001) indicating some
change from a natural condition (Fig. 2.10).  In recent years nutrient concentrations
have worsened,  with high phosphorus levels being the main concern.  Salinity
concentrations have been improving, but salinity load has shown a declining trend.
Riverine habitat is poor, with riparian vegetation and connectivity the main issues.
There has been extensive snag removal in this zone. High levels of erosion have led to
loss of in-stream benches and heavy armouring in some areas downstream of Hume
Dam.

Figure 2.10 Condition of Hydrologic Zone 2.
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2.2.4 Zone 3 - Yarrawonga Weir to Torrumbarry Lock 26

Macroinvertebrate communities are in extremely poor condition, although the trend is
improving (AWT 1999).  Potential causes for this condition are un-seasonal high
flows and reduction of available habitat through erosion of banks and in-channel
benches.  Fish communities are in very poor condition through alterations to the flow
regime and loss of snags, with un-seasonal flooding favouring carp breeding.  Some
native fish species are found in this zone utilizing anabranch and flood runner
channels when they are available (Thoms et al. 2000).  Wetlands in this zone are
important with high biodiversity and ecological productivity.  However, wetland
condition is believed to be degrading because of un-seasonal high flows which disrupt
natural wetting and drying cycles. Floodplain size has been reduced by levee building
in some areas and floodplains in areas of high flood frequency are exposed to heavy
sedimentation (Thoms et al. 2000).

Analysis of floodplain inundation shows a substantial change to the seasonality of
flooding particularly at low and 50 percent floodplain inundation levels.  The
frequency of small floodplain inundation events has increased, but the duration of
these events has decreased substantially.  Thus, in this region river regulation has
produced a considerable change to the normal riverine-floodplain interaction.

In the channel itself flood frequency and duration has been reduced, and the system is
affected by un-seasonal high flows.  Nutrient and sediment loading is in poor
condition and getting worse, as are salinity concentrations (Jolly et al. 2001).  In
contrast nutrient concentrations are improving.  Riverine habitat was found to be in
poor condition, with banks actively eroding and in-channel benches are either lost or
permanently inundated.

Figure 2.11 Condition of Hydrologic Zone 3.
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2.2.5  Zone 4 - Torrumbarry Lock 26 to Lock 11

Macroinvertebrate communities are significantly impaired in this zone, reflecting the
build-up of sediments and poor in-stream habitat directly below Torrumbarry weir
(Thoms et al. 2000).   However, further downstream in the zone macroinvertebrate
diversity improved with better in-stream habitat.  Similarly the condition of fish
communities improves downstream, with improved in-stream habitat, including snags.
However, carp are present throughout the zone and the overall condition of fish
communities in this zone has been assessed as very poor. As for most of the river
zones, barrier effect of the weirs in this zone have a strong influence on fish
recruitment, even where channel habitat, environmental conditions and food sources
are supportive. Riparian vegetation is in good condition, with some overgrazing of
floodplains in sections (Margules et al. 1990).  Thoms et al. (2000) describes the
floodplain as in good condition, though connectivity with the channel is considered an
issue.

For this entire zone there has been significant changes to all three aspects of
floodplain inundation, with the impact slightly greater in the lower half of the zone.
The frequency of inundation of floodplains, flood runners and in-stream benches are
reduced and periods of prolonged low flow increased.  Many ephemeral wetlands are
now permanently inundated by weir pools.  Water quality is in poor condition, and
condition is declining (AWT 2000).  In contrast salinity concentrations have been
improving (Jolly et al. 2001).  Turbidity decreases in this zone with increasing
distance downstream because of the input of saline groundwater and decreasing
current velocity (Thoms et al. 2000). Riverine habitat is poor, with increased bedload
and reduced floodplain connectivity the main issues.  Constant river heights have
resulted in an increased erosion of banks and in-stream benches.

   

Figure 2.12 Condition of Hydrologic Zone 4.
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2.2.6 Zones 5 and 6 - Lock 11 to Wellington

Zones 5 and 6 have almost identical condition reports and face the same issues; these
two zones have been discussed together.

Macroinvertebrate communities are significantly or severely impaired in these zones,
principally affected by the presence of locks.  The severely altered flow regime has
produced communities more similar to billabong communities than to stream
communities.  Highly turbid water entering from the Darling also has an adverse
effect on macroinvertebrate communities downstream.  Fish are in extremely poor
condition in both zones.  Movement of populations is severely restricted by the
presence of barriers, with the only fish ladder in Zone 5 at Lock 6, and no fish ladders
in Zone 6.  Altered wetting and drying cycles in floodplains favour exotic fish species.
In-stream habitat is poor, with a paucity of snags and heavy sedimentation in weir
pools.  There has been a suggestion that water from Lake Victoria may be a source of
recent outbreaks of fish disease, adversely affecting native fish populations (Thoms et
al. 2000).

Riparian vegetation is in extremely poor condition (Margules et al. 1990).  Vegetation
is heavily grazed, affected by a reduction in flood frequency and by rising saline
groundwater, resulting in tree death in some areas (Thoms et al. 2000).  Floodplains
have been affected by poor linkages to the river, and by grazing and removal of
woody debris from the floodplain, and with many wetlands upstream of locks
permanently inundated by weir pools.

In both zones there have been substantial changes in the frequency the floodplain is
inundated.  There has been moderate change in the duration of flooding, and in both
zones the seasonality of flooding has been modified. In Zone 6 from Mannum to
Wellington the floodplain has been completely disconnected from the river by levee
banks along the river.

Hydrological condition has been reduced to poor condition, with mean annual flow,
frequency, duration and size of floods all affected.  Periods of prolonged low flow are
now much more frequent.  Nutrient and sediment load condition is poor and nutrient
concentration condition very poor (NLWRA 2001).  In-stream salinity is good in both
zones 5 and 6, and improving (Jolly et al. 2001).  Diversion of water for irrigation
purposes and salt interception schemes are thought to be responsible for this
improvement.  However, salinity is expected to rise in the next 50 to 100 years in
these zones in response to up-stream activities and rising groundwater in the Lower
Murray (Jolly et al, 2001).  Riverine habitat is poor, with sandy bars, benches and
deep pools generally eroded or permanently flooded and fine sediment covering much
of the riverbed (Thoms et al. 2000).  Bank erosion had been exacerbated in the
vicinity of weir pools by prolonged wetting, followed by rapid reduction in water
level.  Most bank complexity has been lost in upper sections of weir pools (Thoms et
al. 2000).
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Figure 2.13 Condition of Hydrologic Zones 5 and 6.
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Zone 7 - Menindee-Darling Junction

Macroinvertebrate communities are significantly impaired although they have shown
improvement over the period 1980 to 1997 (AWT 1999).  Fish condition is poor, with
some native fish communities in good condition.  However, fish passage and
recruitment is again affected by the presence of weirs, with no fish ways present in
this zone.  In the Great Anabranch of the Darling River the fish community is
dominated by carp as there is little habitat available for native fish except during
floods (Thoms et al. 2000). Riparian vegetation is in poor condition as a result of
clearing in the past.  Grazing has affected the regeneration of vegetation on the
floodplain to some extent.  The condition of wetlands has been impacted to some
extent by reduced flood frequency, leading to declining health of vegetation and
reduced exchange of nutrients with the river (Thoms et al. 2000).

The seasonality of floodplain inundation has been almost completely changed from
natural conditions – showing the highest modification of all of the hydrologic zones.
The frequency of inundation has been substantially modified as has the duration of
flooding though flooding duration of small floods is almost unchanged from natural
conditions.

Hydrological condition in the river is poor with less frequent flooding, and a shift in
the seasonal pattern of flooding.  Water quality is rated as very poor, with high loads
of suspended sediment and phosphorus. These high loads appear to be decreasing, but
conversely nutrient concentrations and salinity are worsening (AWT 2000). Riverine
habitat is poor, with constant flow levels causing erosion and reduced habitat
availability.  Permanent inundation of the anabranch is modifying the in-channel
anabranch environment.

Figure 2.14 Condition of Hydrologic Zone 7.
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2.2.7 Threats to ecosystem condition on the River Murray-Lower Darling

There are a range of threats to aquatic and riverine ecosystems in the Murray-Darling
Basin.  There is sufficient information to generate a picture of relative importance of
threats in the different hydrologic zones on the River Murray main stem (Fig. 2.15).

Threat summary
The condition of the Murray main stem and the Lower Darling and anabranch is
threatened by multiple impacts, with the main impacts related to the operation of
dams and weirs throughout the system. In the Upper Murray, fish and invertebrates
are affected by un-seasonally high flows, low-temperature water releases and loss of
in-stream habitat.  In the Lower Murray and Darling weir pools have a significant
effect on fish recruitment and habitat and environmental condition.  Throughout the
River Murray and Lower Darling un-seasonal flooding of wetlands, loss of connection
with the floodplain, habitat simplification, water quality and bank erosion are all
significant issues (Gippel and Blackham 2001).

Zone 1
Major threats are constant high flows during summer, un-seasonally low water
temperatures, reduced inundation of floodplain and reduction of in-stream habitat
such as snags and pools.

Zone 2
Major threats include un-seasonal high flows, constant flows, low water temperatures,
and habitat loss from armouring and removal of snags.

Zone 3
Constant and un-seasonal flows, reduced frequency of naturally occurring floods and
habitat loss from a reduction in snags and bank erosion are major threats.

Zone 4
Reduced inundation of the floodplain, permanent inundation of some significant
wetlands, increased risk of cyanobacterial blooms in low flows, impeded fish passage
and habitat simplification are major threats.

Zone 5
Major threats are un-seasonal inundation of floodplains, reduction of flooding, bank
erosion, impeded fish passage, risk of cyanobacterial blooms, increased turbidity,
saline groundwater and habitat simplification including loss of snags.

Zone 6
Major threats are un-seasonal inundation of floodplains, reduction of flooding, bank
erosion, impeded fish passage, risk of cyanobacterial blooms, increased turbidity,
saline groundwater and habitat simplification including loss of snags.

Zone 7
Reduced frequency of flooding, constant and un-seasonal flows, increased risk of
algal blooms, impeded fish passage, habitat simplification and bank erosion are all
major threats.



34

 

River  
Murray 

Murrumbidgee 
River  

Darling River  

Figure 2.15  Major threats to ecosystem condition in the River Murray and Lower Darling. Biotic
features affected by impacts are illustrated next to each impact. (Source: Thoms et al. 2000)
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3 IMPLICATIONS FOR RIVER MANAGEMENT

3.1 ENTIRE BASIN ASSESSMENT

Upstream / downstream interactions throughout the Basin are a key determinant of
river condition.  The upper valleys and mid-slopes have extensive lengths of river
affected by high nutrient and suspended sediment loads and accumulations of bed
load.  These are problems that will continue to be exported downstream to the lower
sections of the Basin.  Many features of the River Murray and lower Darling River are
degraded.  Some, such as low numbers of Murray Cod, lost riparian vegetation and
changed wetlands, can be managed locally but much of the reduced condition results
from the accumulated effects of changes elsewhere in the Basin that will need
management in upstream areas.

Droughts and floods are natural events essential for river function.  However, they can
interact with changes that humans have made to produce major negative effects.  The
magnitude of possible negative effects they have will be exacerbated by erosion,
riparian clearing and stored nutrients and bed load.  Many of the rivers in the Basin
are dependent on riparian vegetation for stability.  The effects of riparian clearing may
only become apparent at times of rapid water level drop (e.g. bank slumping) or
during floods (bank erosion).  Stored bed load will remain a local problem during low
flow when it destroys habitat and alters stream function but large amounts may be
transported during high flows, possibly having significant downstream effects.
Nutrients will be transported to reservoirs and weir pools during higher flows, setting
the scene for algal blooms.  Droughts, floods, erosion and sediment and nutrient
transport are natural processes but degradation of our rivers and catchments has
increased the sensitivity of rivers to these disturbances.

Droughts will also interact with use of the rivers.  Flow regulation has sometimes
resulted in elevated low flows and a loss of periods when rivers ceased to flow during
droughts.  Such conditions have probably advantaged some alien aquatic biota at the
expense of native biota.  Alternatively, water storage and abstraction may serve to
increase the effects of drought and in conjunction with nutrients previously delivered
to the rivers, serve to trigger algal blooms.

Snapshot conclusion 10
Management that focuses on the main stems in the lower Basin is likely to be
ineffective without consideration of problems that are generated upstream.

3.2 MULTIPLE ISSUES

Catchment disturbance and increased nutrient and suspended sediment loads are
problems that affect river condition in almost the entire Murray-Darling Basin.  Many
management options, including on-farm practices and riparian management, exist for
disconnecting the effects of these from rivers.  These could be high priority
requirements for any new developments and important considerations for current land
uses.  Much progress has been made with farm practices, including practices such as
minimum tillage, soil conservation works, and water re-use.  There needs to be
ongoing adoption of these practices in areas of low adoption and an increased focus
on riparian management where considerable advances can be made to prevent gully
and riverbank erosion, and to buffer streams from soil and nutrient loss.  However, the
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large stores of fine sediment in lowland rivers may mean that source reduction will
not lead to measurable water quality improvements in lowland rivers in the short term.
On top of these two components of river condition, reaches throughout the Basin
suffer from changes to one or more other ecosystem components.

Snapshot conclusion 11

Management of single issues, such as environmental flows, is unlikely to be
successful in improving overall river health if other issues are neglected.
Management of all issues including flow, fish passage, reduced nutrient and sediment
loads, etc is required.

3.3 RIVER CONDITION

This assessment considered several inter-related features of river ecosystems as
integral measures of condition.  Catchment, habitat and biota all were shown to be
affected to various degrees throughout the Basin.  Few data were available to assess
changes to the hydrological regime, many habitat measures and most biological
measures.  More comprehensive measures would provide a more accurate assessment
of the current status and future trends in the condition of rivers in the Basin but the
general picture is unlikely to change.

Changes to bed load in the mid-slopes, water quality in the upper Basin and loss of
riparian vegetation have each been highlighted in this report as major issues in need of
attention together with catchment and hydrological disturbance.  These features in
themselves represent changes to the condition of rivers but if managed appropriately
would be expected to improve the riverine biota.  Nevertheless, while the assessment
has been comprehensive, in many instances sparse data have been used and
extrapolated.

Snapshot conclusion 12

This assessment has highlighted the extent and source of some problems throughout
the Basin notably bed-load accumulations, nutrient and suspended sediment loads and
loss of riparian vegetation.  Paucity of data such as extractions from unregulated
rivers and various biological measures should be addressed for more accurate
assessment of problems for targeting resource allocation.

3.4 POTENTIAL OPTIONS

A broad-scale and integrated assessment such as this enables decisions about the
priorities for action and these should be guided by the principles enunciated in
Rutherfurd et al. (2000), from highest to lowest priority;

1. Protect reaches that support endangered species or communities

Few data are available specifically on endangered aquatic species at the
Basin scale to identify reaches or river valleys for protection.  Initially it
might be possible to map and/or model habitats of endangered fish as a proxy
for other species or communities

2. Protect reaches in the best general condition
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This set of reaches are principally found in the upper parts of river valleys,
particularly in the Australian Alps and some such as the Kiewa, Ovens and
Paroo River valleys.  Although many of these reaches occur within National
Parks and other reserves, they are still threatened by catchment and habitat
degradation caused by development (e.g. resorts), agriculture, infrastructure
and river regulation.

3. Stop streams from deteriorating

This report identifies particular regions in the Basin in which environmental
conditions pose the most significant threat to the ecological condition of
streams. These are the arc of reaches in the mid slopes region from the
Queensland border with New South Wales into Victoria.  Also several of the
hydrological zones on the River Murray and lower Darling River have been
assessed as having trends that are deteriorating.  Clearly, such areas can be
considered to be suffering from unstainable development.

4. Improve the condition of damaged reaches, focussing on those that
are easy to fix.

These may include river reaches suffering from single issues such as the
small number of reaches in upland areas affected by dams and the larger
number of reaches suffering from riparian vegetation loss such as those in the
Paroo River valley.

5. Lowest priority, rehabilitating reaches that are already extremely
degraded.

Rehabilitation of these reaches may require substantial resources, both along
the river and in the catchment upstream.  In such areas management may be
directed to preventing further degradation.

This snapshot provides an overview of the condition of the Basin and the factors
driving that condition. Integrated assessments of river condition, such as that
presented in this report, provide a basin-wide context and a framework within which
decisions and river management priorities can be considered.

The snapshot does not provide the detailed information required to make management
decisions for individual reaches.  Management responses at the local level should be
based on more detailed local information. Local assessment should focus on
identifying the assets that require protection and problems that are amenable to
restoration.  For restoration assessments need to identify the critical ecological drivers
of degradation and identify where management can significantly modify those driving
forces both in the river and the upstream catchment.  Management can then be
focussed on parts of the catchment and river network that can be demonstrated as
having a strong influence on the assets and problems that restoration aims to protect
and ameliorate.

Snapshot conclusion 13

Basin-wide assessment integrating features of river condition, ecological drivers and
response to change provides a rational basis for many large-scale decisions on river
management.
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4 METHODS

4.1 NATIONAL LAND AND WATER RESOURCES AUDIT
DATA

The primary source of data for this snapshot of river condition in the Murray-Darling
Basin was from the National Land and Water Resources Audit (NLWRA) Theme 7
project on the ecological condition of rivers.  Methods are detailed in the report by
Norris et al. (2001).  The methods presented here summarize the main approaches
taken in the NLWRA and explain those that are specific to this snapshot.

Assessment of ecological condition requires that an estimate be made of how far from
‘natural condition’ rivers have changed.  It is recognized that our society, agricultural
systems, cities and supporting infrastructure are not compatible with returning
ecosystems to their original state.  However, big-picture policy decisions on the
maintenance or rehabilitation of ecosystems, require aggregated and simplified
information on the degree and direction of change.  To meet this need the indices of
river condition developed for the assessment have been divided into four bands.  For
environmental measures they are largely unmodified, moderately modified,
substantially modified and severely modified, and for the biota measure they are
reference condition, significantly impaired, severely impaired and extremely
impaired.

In reviewing the outputs of this project on river condition, it should be appreciated
that there have been considerable data collected by States/Territories on river
condition.   These data have been collected for sections of river, entire rivers, or for
the entire State.  The intention of this project was to provide a Basin-wide assessment,
therefore it was necessary to use data sets that provided consistent Basin coverage
therefore not all of the State/Territory data could be used.  Consequently there may be
situations in which this report produces an assessment of river condition that differs
from that produced through a State, yet is apparently assessing similar aspects of river
condition.  This may arise through a range of circumstances.  It may be the result of
differences in the spatial scales over which data have been collected, differences in
the way variables have been measured, or differences in the way data have been
aggregated to larger spatial scales. Alternatively, it may be the result of measurement
or modelling error either with the ARC or with the State data.

The assessment of river condition presented in this snapshot of the Murray-Darling
Basin consists of components representing the environment (ARCE) as the drivers and
a measure of biological response (ARCB).  The components of the ARCE are the
catchment disturbance index, hydrological disturbance index, habitat index and
nutrient and suspended sediment load index.  These indices and the ARCB are
described below, and full details can be found in the NLWRA technical report (Norris
et al. 2001).

Biota (ARCB) index

The Biota Index represents the response of biota to changes in the environment.  This
index is based on extensive national sampling of invertebrates sensitive to
disturbance.  Other components of the biota (e.g. fish, water plants, algae, and riparian
vegetation) would give a fuller picture of the response of ecosystems to change.
Unfortunately, widespread, consistently collected, data on these other components
were not available despite their importance and the value placed on them by the
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community.  Only aquatic macroinvertebrates have been used for the ARCB because
they represent the only database with sufficient extent and consistency to meet the
needs of the reporting scale of the Murray-Darling Basin.  Where possible some of
these additional data have been used for reaches of the lower Murray and Darling
Rivers.

The Australian River Assessment System (AUSRIVAS) models were used to assess
these sites providing a measure of the biological health of rivers throughout Australia.
Reference sites, defined as minimally disturbed sites, provide the basis for the models
and the comparisons that finally determine the condition of test sites.

The AUSRIVAS models make comparisons by using the predictor variables unlikely
to be affected by human activities to match test sites with groups of reference sites
with similar features.  This approach facilitates comparisons of sites with similar
features that are expected to also have similar biota.  The output from an AUSRIVAS
assessment of a site is the number of animal types expected at a site together with the
number of types found.  For unimpacted sites these numbers should be the same, for
impacted sites as few as 20 percent of expected animal types may occur.  Biological
bands are used described the ecological condition inferred for sites based on
AUSRIVAS model outputs (Table 4.1).

Table 4.1 AUSRIVAS banding schemes

Band Label Band name Comments

A Reference Index value within range of central 80% of reference sites

B Significantly Impaired Fewer taxa than expected

Potential impact either on water quality or habitat quality or both
resulting in a loss of taxa

C Severely Impaired Many fewer taxa than expected

Loss of taxa due to substantial impacts on water and/or habitat quality

D Extremely Impaired Few of the expected taxa remain

Severe impairment

Overall environment index (ARCE)

The overall measure of environmental condition is made up of four constituent
indices; the catchment disturbance index, the habitat index, the hydrological
disturbance index and the nutrient and suspended sediment load index.  These four
measures were combined, unweighted, using the standardised Euclidean distance
procedure, to calculated the ARCE.

Catchment Disturbance Index

The Catchment Disturbance Index is a measure of the likely effects of land use,
change in vegetation cover and infrastructure (e.g. roads, rail-lines) on rivers through
changes to hydrology, changes to water quality or changes to physical habitat.  The
index incorporates the effects of large-scale non-point source impacts.

The land use data used for this project came from the NLWRA land use mapping
project, and provide details of the current land uses occurring in the catchment.
Weights were applied to the land use categories to account for the different impacts of
different land use categories (Norris et al. 2001).
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To obtain a measure of the acute effects of land clearing in addition to chronic land
use effects, the Agricultural Land Cover Change (ALCC) data were used.  This data
set includes a measure of the loss of woody vegetation over the period 1990-95.
These data, although sparse, provide the only widespread yardstick we have for recent
vegetation clearing, and its concomitant effects on our rivers.  The land cover measure
was based on the total area of land cleared in the catchment of each river section.

The third type of land surface information used was spatial data on infrastructure
(such as railways, roads, pipelines) which have the potential to impact rivers.
Infrastructure data were derived from the Wild Rivers data set, and included
information on the location of different types of infrastructure in the catchment of
each river section.  The catchment disturbance generated by infrastructure was
assessed by the areal extent of the each infrastructure category within the reach
catchment, adjusted by the weights applied to the different infrastructure types.

The impacts on streams from infrastructure, land use and land cover change, tend to
be cumulative, so the catchment disturbance index was calculated by summing the
impacts of the three measures.

Habitat Index

The Habitat Index uses measures of the bedload moving down a stream, riparian
vegetation and connectivity (dam, weirs, levee banks) to assess the state of local
habitat and its likely ability to support aquatic life

Bedload was assessed by a model, which predicts the deposition of bedload as a result
of supply of sediment from bank erosion and gully erosion upstream.  This volume of
deposition is expressed as a total bed accumulation of sand and gravel over historical
times (measured in metres).  It is assumed that the natural condition for streams is a
balance with no net accumulation of sand and gravel on the bed.  Consequently all net
accumulation of sand and gravel under current sediment supply conditions is assumed
to negatively influence physical habitat.

The state of riparian vegetation was assessed using the Australian Land Cover Change
(ALCC) data, which distinguishes between woody and non-woody vegetation along
streams.  For this work the riparian zone was determined pragmatically by the
resolution of the ALCC data as the strip of land within 100 m on either side of a river,
and riparian vegetation was taken to be that vegetation within the riparian zone.  The
health of the riparian vegetation was defined structurally.  A riparian zone that had
100 percent tree cover was taken to be in natural condition and accorded a riparian
sub-index value of 1.  A riparian zone with no tree cover was judged to the degraded
and received a value of 0.

Two components of connectivity were measured; upstream-downstream connectivity
(longitudinal), and connectivity with the floodplain (lateral).  The former is important
for the migration and breeding of many fish species, the latter for movement of water,
biota and material across the floodplain.  The connectivity sub-index was calculated
from data in the wild rivers data set on impoundments and levees.

For longitudinal connectivity, both the proximity and the size of structures impeding
passage were taken into account in calculating the measure.  A section of river with a
major barrier was assessed as degraded, with the effect of barriers decreasing with
distance.  For lateral connectivity, the key measure was the extent to which levees
formed a barrier between a section of river and the floodplain.  A section of river
totally disconnected from the floodplain by levees was assessed as totally impacted.
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Based on these assumptions, the extent to which levees impact on a reach was taken
to be the length of the levees falling in the reach sub-catchment divided by twice the
length of the reach.  The significance of this is that if the length of the levees sums to
twice that of the reach, it is assumed that levees line both sides of the entire reach.
The reach would receive a lateral connectivity value of 0.  Where there are no levees
the reach receives a value of 1.

The bedload condition, the riparian and the connectivity measures were integrated
into the habitat index for each river reach using the standardised Euclidean distance.

Hydrological disturbance index

The Hydrological Disturbance Index recognises the importance of the flow regime to
aquatic ecosystem function.  Four aspects of the flow regime were included in the
index:

•  changes in total flow volumes due to diversions, abstractions and inter-basin
transfers using a  mean annual flow measure (A),

•  changes in the overall variability of flows using a monthly flow duration curve
difference measure (M),

•  changes in the seasonal pattern of flows using firstly, a seasonal periodicity
measure (SP) to assess changes to the seasonal timing of high and low flows, and

•  a measure of the changes in the magnitudes of seasonal flows, the seasonal
amplitude measure (SA).

The four measures were combined using their Euclidean distance from an unimpacted
stream, providing a measure in the range 0 (maximum flow regime change) to 1 (no
change) for all reaches.

Data from hydrological stations across the Basin were used to calculate these
measures, but were limited by the availability of estimates of flow prior to water
resource development.

Nutrient and suspended sediment load index

Because of limited data availability, the water quality assessment relied on those
aspects of water quality that could be reasonably modelled to provide index values for
all river reaches. This restricted the index to assessments of suspended sediment load
and nutrient loads, and salinity.

The nutrients included are total phosphorus and total nitrogen, and the measures
derived are based on the ratios of the ‘natural’ (pre-disturbance) load for a reach to the
current load for a reach.  The values for nutrient loads to rivers were obtained from
NLWRA modelling of phosphorus and nitrogen inputs to the river network and the
transport and transformation of these loads through the river network (Norris et al.
2001.

In an analogous manner, loads of suspended solids entering rivers were modelled
using a sediment model developed for the NLWRA.  The model predicts the amount
of sediment arriving in rivers from hillslope, gully and riverbank erosion, under
‘natural’ (pre-disturbance) and current conditions.  The bulk of the annual load is
transported during high intensity storms and floods, and allowance is made for
deposition of sediment on floodplains and in reservoirs and lakes.  Modelling was
used to assess suspended sediment loads of rivers rather than measurements because
of the scarcity of data in Australia.  Details are given in Norris et al. (2001).
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The nutrient and suspended sediment load index was determined from the suspended
solids, total phosphorus and total nitrogen measures by taking the worst as the overall
index.  The philosophy underpinning this approach was that if one of the three
measures indicated poor condition, then the reach was in poor condition regardless of
whether the other two measures had been impacted or not.

Integration of the ARCE components

The four indices described above were integrated to provide a single measure of
environmental condition (ARCE) for each river reach.  The procedures used to
integrate the subcomponents and the indices themselves are summarised in Table 4.2.

Table 4.2 Summary of integration procedures for sub-indices and indices

Sub-indices Integration approach and
weighting

Index

Change in mean annual flow
Change in flow duration curve
Change in seasonal amplitude
Change in seasonal periodicity

Standardised Euclidean
distance

Components unweighted

Hydrological Disturbance
Index

Total nitrogen
Total phosphorus
Suspended solids

Worst measure in reach taken
as water quality assessment

Components unweighted
Toxicants
Salinity

Not used for reach assessment
- data too sparse

Nutrient and suspended
sediment load index

Bedload condition
Riparian vegetation
Connectivity

Standardised Euclidean
distance

Components unweighted

Habitat index

Land use
Land cover change
Infrastructure

Impacts summed

Components unweighted

Catchment disturbance
index

⇓⇓⇓⇓
Above 4 indices integrated to
make ARCE

Standardised Euclidean
distance

Components unweighted

4.2 ANALYSIS OF COMMON FACTORS DETERMINING
CONDITION

An overview of categories of major river management issues, and their scale of
impact at the national and state levels has been provided by statistical analysis of the
various indices considered together, rather than individually.

Groups of reaches with common issues were identified systematically using a
statistical multivariate approach.  Essentially, the similarity between each pair of
reaches in the Basin was calculated based on the environmental measures at for each
reach.   The reaches were then grouped using Ward's Clustering method. Some of the
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sub-indices (eg. those in the nutrient and suspended sediment load index) were
strongly correlated and so were combined in the analysis to avoid undue influence.

These analyses have been done in two parts because hydrology data were not
available for much of the Basin.  First, analysis of approximately 3,457 reaches
included measures of catchment disturbance, water quality and sub-indices for habitat
but not hydrology.  Second, analysis of 740 reaches included habitat sub-indices, flow
measures (mean annual flow, flow duration curve and seasonal amplitude integrated)
and change in seasonal period of flow.  Mean annual flow, flow duration curve and
seasonal amplitude were all highly correlated and were therefore integrated before this
second analysis.  This information is aimed to help inform decisions targeting
particular problems, or suites of problems, in relation to how widespread they are
geographically.

4.3 ASSESSMENT OF THE RIVER MURRAY AND LOWER
DARLING RIVER HYDROLOGIC ZONES

Data used for this part of the assessment came from a range of sources and were of
different types, including numerical, categorical and descriptive information (Table
3.3).  These data have been represented in a uniform manner to permit comparisons
between measures and between hydrologic zones.

Measures of both condition and recent trend in condition are presented here for fish,
macroinvertebrates, riparian zone and wetlands for many of the hydrologic zones.
Similarly the NLWRA environmental measures available for the entire Basin have
been augmented with additional data for the Murray-Darling hydrologic zones (Table
3.3).  In addition to the condition assessment, it has been possible to provide
information on the trend of some measures (Table 4.3).

Categories for Condition

Much scientific work has been reported for the lower Murray-Darling Basin that can
be found in scientific journals, published and unpublished reports and filed in various
study records.  This work has been summarized in many places and no effort was
made to repeat such reviews.  Instead this study has concentrated on sources that are
data rich and meet the requirements of reporting river condition in the context defined
herein. As data for the River Murray main stem came from many sources and in many
forms, to provide a comparable assessment of condition and trends, these data were
converted into the following general categories of condition;

1) Good
2) Poor
3) Very poor
4) Extremely poor

What each condition represents for each biological and environmental theme is
described in detail below.
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Table 4.3 Sources of data for condition and trend assessment for the Murray-
Darling hydrologic zones.
Theme Condition Source Trend Source Time period of

trend
BIOTA
Macroinvertebrates NLWRA (2001) AWT (1999) 1980 - 1997
Fish Thoms et al. (2000),

NSW Rivers Survey
No trend available

Riparian Vegetation Margules et al. (1990) No trend available
Wetlands Thoms et al. (2000) No trend available
ENVIRONMENTAL
FEATURES
Hydrological Condition NLWRA (2001) No trend available
Wetland Inundation Additional work

performed for the
snapshot.

No trend available

Nutrient and Sediment
Loads

NLWRA (2001) AWT (2000) 1978 - 1997

Nutrient
Concentrations

NLWRA (2001) AWT (2000) 1978 - 1997

In-Stream Salinity NLWRA (2001) Williamson (et al.)
1997
 Jolly et al. (2001)

1967 -1994

Riverine Habitat NLWRA (2001) No trend available
Bank Condition NLWRA (2001)
Catchment Impacts on
River

NLWRA (2001) No trend available

BIOTA

Macroinvertebrates

The ARCB assessments from the NLWRA Theme 7 Project 2 ARC report (Norris et
al. 2001) were used to report on the condition of macroinvertebrates in each zone.
The following categories were used to represent macroinvertebrate condition;

1) Good Reference
2) Poor Significantly Impaired
3) Very poor Severely Impaired
4) Extremely poor Extremely Impaired

Fish

The information on fish communities for each zone was derived from Thoms et al.
(2000) and was supplemented with information from the NSW Rivers Survey to
provide approximate condition assessments based on the level of impact in each zone
in the absence of any other data on condition. Thoms et al. (2000) provides an
assessment by an expert panel and synthesises multiple data sources, giving a
qualitative description of the condition of fish communities in each zone and the
major impacts affecting fish.  The NSW Rivers Survey sampled sites all over NSW,
however, only two sites were located on the River Murray main stem and two sites on
the Darling River.  Therefore information was used to augment information from
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Thoms et al. (2000) where available. These descriptions of impacts were turned into
categories of condition as described below.

1) Good Not impacted
2) Poor affected by one major impact e.g. dams or exotic species or

lack of habitat (snags)
3) Very poor affected by two major impacts (e.g. dams and exotic species)
4) Extremely poor affected by three or more major impacts (e.g. dams and exotic

species and lack of habitat (snags)

*Note: Macroinvertebrate and Fish condition in hydrological zones is generally poor
below dams, showing some recovery downstream.  This recovery is not reflected in
the condition assessment, as an impacted zone is scored as impacted (precautionary
approach).  However, this recovery of condition could be reflected in a map of spatial
trends across the zones.

Riparian Vegetation

Assessment of riparian vegetation was based on a report by Margules et al. (1990),
which concluded that the riparian vegetation along the River Murray was in poor
condition.  Margules et al. (1990) surveyed the riparian vegetation along the River
Murray main stem and classed the riparian vegetation into a number of types,
recording the condition of each area, not including Zone 1 or the Darling River.  As
there has been extensive change in the riparian vegetation it is not appropriate to use
the area of degraded riparian vegetation as a measure of condition as some of the
vegetation types, although healthy, are not those that originally occurred in the
riparian zone.  Instead the condition of the red gum woodland in the riparian zone has
been used as an indicator of riparian vegetation condition for this report.  The red gum
woodland in each hydrologic zone in degraded condition ranged from 1-19 percent
with a mean of 9 percent.  As Margules et al. (1990) reported that overall, riparian
vegetation along the River Murray was in poor condition, zones with more than 9
percent of red gum woodland in degraded condition were classed as very poor (Table
4.4).

Table 4.4 Categories assigned to represent riparian condition (based on Margules et
al. 1990)

Condition
% red gum woodland in zone

degraded
1) Good <5
2) Poor 5-9
3) Very poor 9-14
4) Extremely poor >14

Wetlands

No condition assessment of wetlands was undertaken by Pressey (1986), therefore,
information on wetland condition and impacting factors were based on description in
Thoms et al. (2000).

ENVIRONMENTAL FEATURES

Hydrological Condition

The ARCE assessments from the NLWRA Theme 7 Project 2 ARC report (Norris et
al. 2001) were used to report on the condition of hydrology in each zone. The
hydrologic index ranges from 0 to 1 and is comprised of four sub indices; mean
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annual flow, flow duration curve, seasonal period and seasonal amplitude. The
following categories were used to represent hydrologic condition;

1) Good 0.75 – 1
2) Poor 0.5 – 0.75
3) Very poor 0.25 – 0.5
4) Extremely poor 0 – 0.25

Wetland Inundation

An additional aspect of this project was to provide an assessment of the change to
floodplain inundation along the lower rivers as the result of river regulation.  This was
done using data indicating areas inundated, timing and duration of inundation at
various flows.  It is recognised these measures of inundation are coarse measures of
floodplain condition that may not always correlate with biodiversity or productivity.
However given the paucity of data for floodplain wetlands, these measures were a
useful surrogate and starting point.  Even so, data was sparse and not consistent along
the river. Primarily published data was available for the Ramsar wetlands along the
River Murray. Projects being undertaken by state agencies are investigating other
lesser known wetlands, but this data is not readily available yet.

As part of the Environmental Flows and Water Quality Objectives for the River
Murray Project, the MDBC in conjunction with state agencies and the Expert
Reference Panel has collated data on relationships between flow thresholds and both
commence to flow and area inundated for four Ramsar wetlands along the River
Murray: the Barmah-Millewa Forest, Gunbower Forest, Hattah lakes and Chowilla.
These sites are considered representative of the following hydrologic zones: Zone 3
(Yarrawonga Weir to Torrumbarry), Zone 4 (Torrumbarry Weir to Lock 11) and Zone
5 (Lock 11 to Lock 3).  Additionally some data has also been collated for the River
Murray at Doctor's Point (representative of Zone 1, Hume Dam to Yarrawonga weir)
and Lock 3 to Lock 1 (partially representative of Zone 6 – lock 3 to the Barrages).
Floodplain inundation data for Zone 7 (Menindee to Darling Junction) was sourced
from Green et al. (1998), and data for Zone 1 (Dartmouth Dam to Hum Dam) were
not available.

The flow thresholds were analysed to determine the change in the number of times the
floodplains is inundated, the length of inundation and the seasonality of the inundation
between modelled natural and current flow conditions.  This change was determined
numerically and assigned a condition according the categories given in Table 4.5.

Table 4.5  Condition categories assigned to the % change in floodplain inundation
measures.

Category % change to measure

Good 0-25

Poor 26-50

Very poor 51-75

Extremely poor 76-100

The overall condition assessment for each flow threshold was then determined as the
worst of the three measures. This was based on the premise that the three components
assessed are key to the normal operation of riverine-floodplain ecological function.
Therefore, compromising any one of the these measures compromises floodplain-river
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processes.  The assessment for each hydrological zone was then taken as the most
prevalent condition for the thresholds assessed.

Nutrient and suspended sediment loads

The ARCE assessments from the NLWRA Theme 7 Project 2 ARC report (Norris et
al. 2001) were used to report on the condition of nutrient and suspended sediment
loads in each zone. The nutrient and suspended sediment load index ranges from 0 to
1 and is comprised of an assessment of nitrogen, phosphorus and suspended sediment
loads. The following categories were used to represent water quality;

1) Good 0.75 – 1
2) Poor 0.5 – 0.75
3) Very poor 0.25 – 0.5
4) Extremely poor 0 – 0.25

Temporal trends for the period 1978-1997 for nutrient and sediment loads were
derived from the AWT (2000) report.

Nutrient Concentrations and In-Stream Salinity

Existing categories determined by states were used to assign categories of condition
for nutrient concentrations and electrical conductivity. Considerable thought has
already gone into the derivation of these categories by states, therefore they were
retained. As only three categories have been defined (good, fair, poor) by each state
agency and four reporting categories used in this snapshot, these data were mapped to
the first three categories (good, poor, and very poor). However, the number of sites
that would fall into the equivalent extremely poor category is unknown.

To derive a single water quality condition value for a hydrological zone it was
decided a minimum of three sites was required.  Using the precautionary approach,
the lowest of the measurements (TN, TP, Turbidity) was used to obtain an overall
value. It should be noted that sites within each hydrologic zone had consistent values
within each measurement (e.g. all sites in zone 5 had poor TP).  Many zones (5 out of
7) had insufficient data to be able to make an assessment.  Therefore, it is
recommended that more data needs to be collected in these zones.

Temporal trends for the period 1978-1997 for nutrient concentrations were derived
from the AWT (2000) report.

Temporal trends for salinity were derived from Williamson et al. (1997), which
reports trends for the MDB using data from 87 gauging stations collected between
1967 and 1994. The work of Jolly et al. (2001) builds on this study.  The two studies
present conflicting trend information in some instances therefore the most recent trend
information available has been used in the case of a discrepancy.

Riverine Habitat

The ARCE assessments from the NLWRA Theme 7 Project 2 ARC report (Norris et
al. 2001) were used to report on the condition of riverine habitat in each zone. The
riverine habitat index ranges from 0 to 1 and is comprised of three sub indices,
connectivity, riparian vegetation and a bedload index. The following categories were
used to represent riverine habitat quality;

1) Good 0.75 – 1
2) Poor 0.5 – 0.75
3) Very poor 0.25 – 0.5
4) Extremely poor 0 – 0.25
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Bank Condition

The increased risk of bank erosion relative to natural conditions was assessed by
qualitatively by considering the two main drivers for accelerated erosion of river
banks in rivers such as the Murray and Darling.  The drivers are the condition of
riparian vegetation, which protects the banks from scour and slumping, and changes
to flow that increase the erosive forces of the river.  Factors which increase the
erosive forces of flow include sustained periods of high flow, augmentation of flow
from inter-basin transfers and rapid rises and falls in flow created by dam operations.
Rapid drops in flow are a major cause of bank slumping as they leave saturated banks
with considerable pore pressure perched above the reduced water level (Ian Prosser
pers. comm.).  Recent riparian research has shown that root cohesion can stabilise
banks and minimise these effects.  Therefore riparian vegetation was rated as the
primary control on bank erosion and altered hydrology was considered a secondary
factor.  The following qualitative rules were used to represent bank condition;

1) Good Largely intact riparian vegetation and a natural flow regime,
or one that did not exacerbate bank erosion

2) Poor Minor modification of riparian vegetation or an altered flow
regime that exacerbates bank erosion

3) Very poor Moderate removal of riparian vegetation or a combination of
altered flow and minor modification of riparian vegetation

4) Extremely poor Moderate to major modification of riparian vegetation and an
altered flow regime that exacerbates bank erosion

Catchment Impacts on River

The ARCE assessments from the NLWRA Theme 7 Project 2 ARC report (Norris et
al. 2001) were used to report on the effects of land-use on streams. The CDI index
ranges from 0 to 1 and is comprised of three sub indices, land use, land cover change
and infrastructure. The following categories were used to represent condition;

1) Good 0.75 – 1
2) Poor 0.5 – 0.75
3) Very poor 0.25 – 0.5
4) Extremely poor 0 – 0.25

Categories for Trends

Trends have been reported for the most up to date, recent period of record where
available  (Table 3.4).  Recent trends do not take into account the impacts of early
human settlement or development.  Trends have been reported into one of the
following categories:

•  degrading condition;
•  improving condition;
•  stable condition; and,
•  no trend available.
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